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INTRODUCTION 
Grain yield for maize (Zea mays L.) in the United States has 
Increased tremendously in the past 50 years (Russell, 1986). The 
Increase can be attributed to the use of chemical fertilizers, and better 
production practices, but more importantly to the breeding techniques 
that contributed to the development of highly productive maize hybrids. 
Choice of germplasm plays an important role in the success of any 
breeding program (Hallauer and Miranda, 1981). Maize breeders In the 
Corn Belt have always had a wealth of adapted germplasm available to them 
and have developed a number of productive breeding populations. The 
Com Belt dent race has been a good source of high-yielding and pest-
resistant inbred lines for temperate regions. 
Maize breeders have increased their awareness of the Importance of 
genetic diversity to avoid genetic vulnerability and to allow increased 
gains from selection due to Increased genetic variability. Heterosis, 
which is the key to high yields In maize, depends on differences in gene 
frequency of the parental material. Approximately 250 land races form 
the germplasm available In germplasm banks in the New World (Brown and 
Goodman, 1977). Exotic germplasm, which constitutes almost all of the 
material, has not been utilized to any great extent because Corn Belt 
populations have been good sources of adequate yield potential and pest 
resistance, and exotic germplasm lacks adaptation. Introgresslon of 
exotic material Into adapted material can provide useful genes that 
may be lacking in the adapted material. Wellhausen (1965) and Comptan 
et al. (1979) suggested that selection for adaptability in exotic 
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populations be done prior to making adapted x exotic crosses. 
The center of origin for maize is in the tropics and that is where 
a greater range of variability in the germplasm is found compared to the 
temperate regions (Hallauer and Miranda, 1981; Gutlerrez-Galtan et al., 
1986). This tropical maize germplasm is not adapted to the Corn Belt 
region and one of the factors causing lack of adaptation is its photo-
period sensitivity. Maize in the tropics and subtropics is grown under 
short-day environments. Under long-day environments of the temperate 
regions, the maize will continue to grow but will not flower until the 
daylengths begin to shorten (Francis et al., 1969). Maize, therefore, 
is a short-day plant except, for populations that have undergone selection 
for the ability to grow in long-day environments. 
In order to evaluate the Corn Belt tropical and subtropical 
populations for their contribution to Corn Belt germplasm, their photo-
period sensitivity must be overcome. The most practical way to do this 
is to cross tropical and subtropical populations with adapted testers 
that will contribute genes for earliness and photoperiod insensitivity. 
The objectives of this research were: 
1. To characterize the critical daylength at which six tropical 
maize germplasm bank populations initiate flowering. 
2. To characterize several early maturing yet commercially 
acceptable inbred lines for critical daylength. 
3. To determine which inbred reduces time to flowering enough 
when crossed to a tropical population so that the testcross 
can be evaluated in the Corn Belt. 
3 
To determine whether a tropical population x tester Interaction 
occurs which would Indicate different genes controlling photo-
period operating In the various genotypes. 
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LITERATURE REVIEW 
Maize (Zea mays L.) Is a very Important cereal worldwide. Total 
maize production In the world Is slightly over 400 million metric tons 
(Hallauer, 1987). This Is second to wheat ÇTrltlcum aèstlvum L.) with 
rice (Oryza satlva L.) In third place. Maize Is cultivated In a wider 
range of environments, however, than either wheat or rice. It is grown 
from 58°N latitude through the temperate, subtroplc, and tropical 
regions to 40°S latitude, from sea level to more than 3800 m, and in 
areas with less than 25 cm of rainfall to those with more than 1020 cm. 
The maize plant Is used for many purposes excluding fiber. It Is 
especially used for human consumption, livestock feed, and for a variety 
of Industrial purposes. 
Maize breeders have always had a wealth of germplasm resources 
available to them (Hallauer and Miranda, 1981). The choice of germplasm 
plays an Important role In determining the success of any breeding 
program. There are differences among breeding populations and 
particular choices will Influence the ultimate success or failure of 
selection. Grain yield in the United States has increased in the last 
50 years (Russell, 1986) as a result of modern breeding techniques that 
have contributed to the development of extremely productive maize 
hybrids. 
The Use of Exotic Germplasm 
Maize breeders are aware of the importance of genetic diversity of 
their breeding populations in order to avoid genetic vulnerability, and 
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to best exploit heterosis which depends on differences In gene frequency 
of parental stocks (Hallauer and Miranda, 1981), Introgresslon of un-
adapted or exotic germplasm Into adapted populations as one method of 
Increasing useful genetic variability has been recommended by many 
breeders (Moll et al., 1962; Goodman, 1965; Hallauer and Sears, 1972; 
Hallauer, 1978; Cohen and Gallnat, 1984; Oyervldes-Garcla et al., 1985; 
Eaton et al., 1986). Exotic germplasm Is a potential source of useful 
alleles contributing to traits like Insect and disease resistance 
(Eberhart, 1971). 
Goodman (1984) reported that less than 1% of foreign exotic germ­
plasm exists In commercial maize sold In the United States. Several 
studies have been carried out, however, In which exotic germplasm has 
been used in breeding work (Hallauer and Sears, 1968; Gutlerrez-Galtan 
et al., 1986). Gutlerrez-Galtan et al. (1986) found higher yields In 
testcrosses with exotic populations than the adapted parent although the 
differences were not significant. Indiscriminate Introduction of exotic 
germplasm may, however, lower the breeding value of elite, adapted 
populations if the material carries undesirable agronomic characteristics 
(Eberhart, 1971; Oyervldes-Garcla et al., 1985). Gutlerrez-Galtan et 
al. (1986) reported that even though maize breeders In tropical countries 
like Mexico have a greater range of germplasm available than their 
counterparts in the United States, much of their material has not been 
under selection designed to meet the level of performance required by 
modern producers. Tropical maize breeding programs have trailed behind 
those in the United States and have developed relatively few good lines 
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that would be useful In the United States In an adaptation program 
(Holley and Goodman, 1988). Lack of qualified maize breeders and the 
late Initiation of modern plant breeding in the tropics is partly 
responsible for this. 
The key to exploiting maize's total diversity in the Corn Belt lies 
in Improving methods for adapting late exotic material to the area so 
that they can be evaluated for desirable traits and for useful genetic 
variability (Troyer and Larkln, 1985). Suggestions have been made for 
the incorporation of exotic germplasm into Corn Belt germplasm. Some 
involve adaptation of exotic populations per se while others propose 
crossing exotic populations to adapted ones. However, favorable genes 
or gene complexes in unadapted germplaem may be masked by major genes 
for adaptation to different environments (Eaton et al., 1986; Holley and 
Goodman, 1988). Hallauer and Sears (1968) found mass selection for the 
adaptability of Eto Composite effective. Compton et al. (1979), Gerrlsh 
(1983), and Oyervldes-Garcla et al. (1985) suggested selection within 
the exotic populations before crossing them to adapted lines. Selection 
should be mild to avoid loss of useful alleles that are linked to unde­
sirable ones. Eberhart (.1971) reported that introgresslon of exotic 
germplasm followed by random mating and then selection can produce 
populations with high mean performance. Hanson and Johnson (1981) pro­
posed Intermating for at least three to four generations. Bridges 
(1984) and Bridges and Gardner (1987), in trying to determine how much 
germplasm should be Incorporated into adapted germplasm, used genetic 
models to study foundation populations for adapted by exotic crosses. 
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Two populations derived from the and BCl to the adapted germplasm, 
respectively, were used. They found that for both long-term and short-
term goals, F^-derlved populations were better to use when exotic and 
adapted germplasm performed the same. The Fg populations were also 
better to use for long-term goals when the adapted germplasm was superior 
due to the presence of a few alleles at loci with large effects. The 
BCl-derived populations were better for the short- and long-term goals 
when the adapted population was superior and when it was superior due to 
a greater number of loci with favorable alleles present, respectively. 
Introgression is not unique to maize alone. A conversion program in 
sorghum [Sorghum bicolor (L.) Moench] has been successful in the use of 
tropical lines (Stephens et al., 1967; Webster, 1975). A backcross pro­
cedure is used in this program to convert tall, late-maturing tropical 
lines to early-maturing, short ones. Crossing and backcrossing is done 
under short-day photoperiod in Puerto Rico while selection for early, 
short genotypes within segregating populations is done under long-day 
conditions of the United States. Lines are selected following the fourth 
backcross and the remaining lines are bulked to form breeding stocks with 
different maturity and heights. 
Photoperiod Sensitivity 
The biological effect of daylength is the major controlling factor 
in plant development (Rasmusson and Gengenbach, 1983; Thomas and Vince-
Prue, 1984). It is the duration rather than the quantity of light in a 
daily cycle that is more important in regulating flowering in certain 
plants. Photoperiodism is the response to the length of the day which 
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enables an organism to adapt to seasonal changes In its environment. 
Zeevaart (1983) defines it as the control of flower formation. The 
total amount of light energy above a low level is relatively unimportant 
and so is the relative length of the light and dark periods as a 
controlling factor. It is the timing and exposures to light and dark­
ness that are critical. The term photoperiod is often used for the 
daily light period. Plants can be divided into three categories (Major, 
1980; Thomas and Vince-Prue, 1984): 
1. Short-day plants. Flowering occurs only in or is accelerated 
by daylengths shorter than a particular duration known as the 
critical daylength. 
2. Long-day plants. Flowering is initiated only in daylengths 
which exceed the critical daylength. 
3. Day-neutral plants. Flowering is not affected by daylengths. 
Critical daylength is the maximum daylength at which a short-day plant 
will flower, and the minimum daylength at which a long-day plant will 
flower (.Major, 1980). 
Leaves are the site of daylength perception (Cleland and Ben-Tal, 
1983; Vince-Prue, 1985). Hormonal substances are produced there In a 
complex process and they move via the phloem to the stem apices where 
daylength response takes place. The length of the dark period rather 
than the comparative length of light and darkness is the decisive 
factor in induction. Daylength has no effect on floral induction until 
plants have attained a minimum amount of growth, a part of the life cycle 
known as the basic vegetative phase (Major, 1980; Klniry et al.. 1983). 
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Maize is generally recognized as a short-day plant but some popula­
tions have been selected for the ability to grow in long-day 
environments. It is probable that materials developed in the more 
northern latitudes have been selected, naturally or artificially, to have 
little or no delay in tassel Initiation under the long photoperlods in 
which they normally grow (Hunter et al., 1974). Maize genotypes exhibit 
photoperiod responses in that they have different critical daylengths 
(Hunter et al., 1974; Major, 1980; Rood and Major, 1980). The presence 
of sensitivity within genotypes of specific maturities is revealed by 
observing reactions of plants in growing seasons differing strongly in 
photoperiod but little in temperature (Aitken, 1974). Garner and Allard 
(1923) were the first to report photoperiod response in maize. They 
observed that floury Peruvian maize populations flowered early under 
reduced daylight and were shorter. The duration of daily illumination 
influences not only the quantity of photosynthetic material formed, but 
also may determine the use which the plant can make of this material. 
Genetic variability in response to daylength has allowed many 
species to adapt to a wide range of latitude and altitude (.Major, 1980). 
The geographical area in which a cultlvar is productive, however, can be 
limited by the daylength it requires for flower initiation (Fehr, 1987). 
It is this photoperiod-sensitivity of tropical maize that is one of the 
main factors influencing the use of exotic material in the Corn Belt 
(Francis et al., 1970; Francis, 1972). It is possible to measure and 
study the influence of daylength and by this process develop materials 
insensitive to photoperiod changes (Francis, 1972). Tropical varieties 
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adapted to 12- to 14-h daylengths flower later under long days of 14-
to 16-h typical of temperate areas (Brown and Goodman, 1977). Short 
nights in temperate latitudes during summer Induce late differentiation 
of tassels and tremendous vegetative growth in tropical maize (francis 
et al., 1970; Hunter et al., 1974; Brewbaker, 1980; Hunter, 1980). 
Assimilates that fill grain of maize are accumulated largely after 
flowering (Allison and Daynard, 1979). A decrease in the length of the 
vegetative phase could allow for a longer period of post-flowering 
assimilation and hence a potential for Increased grain yield. On the 
other hand, lines adapted to temperate zones when grown near the 
equator mature rapidly and often produce few seeds. 
Understanding the Inheritance of photoperlod sensitivity could help 
alleviate the problem hindering free and rapid exchange of germplasm 
across latitudes (Russell and Stuber, 1983a). Russell and Stuber (1983b; 
1985) reported from their findings that photoperlod sensitivity in maize 
was quantitatively controlled and that there was a preponderance of 
additive gene action involved. Francis et al. (.1969) had earlier 
reported that photoperlod sensitivity was simply inherited. Studies in 
other crops may help in understanding photoperlod sensitivity inheritance 
in maize. Knott (.1986) reported two dominant genes controlling the 
factor in wheat. He also found a genotype x environment Interaction for 
photoperlod response. Gallagher et al. (1987) studying barley (Jlordeura 
vulgare L.) found that genes conferring early heading were Influenced by 
photoperlod. Increased photoperlod insensltivlty, however, did not 
lead to broader adaptation. Barham and Rasmusson (1981) found 
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quantitative Inheritance to be important in determining photoperlod In 
barley. They concluded that photoperlod response could be selected for 
In a population. 
Isolation of day-neutral genotypes and incorporation of insensi-
tlvlty into diverse ranges of races, synthetics and improved varieties 
would encourage more active utilization of new germplasm. However, 
little information is available to aid breeders in selecting and 
developing long-term breeding strategies for exotic germplasm, especially 
photoperiod-sensltive material (Holley and Goodman, 1988). A number of 
studies on photoperlod response have been carried out in the field and 
also in the phytotron. Phytotrons are used to analyze reactions to 
different genotypes to specific ecological conditions, photoperlod being 
one of them (Gottschalk, 1988). It is simple to demonstrate Insensitivity 
in plants by artificially controlling dally hours of light in the phyto­
tron, but difficult to separate It from temperature in the field 
as an ecological phenomenon (Altken, 1974). Oyervides-Garcia et al. 
(1985) found that effects of photoperlod can be reduced by crossing 
tropical material to U.S. Corn Belt material. They suggested crossing 
improved exotic sources with improved adapted sources, selecting within 
the cross population, and identifying photoperlod-insensltlve exotic 
sources in which selection can be initiated. Problems encountered 
Include sampling of genotypes within the populations, effects of linkage. 
Importance of relative effects of photoperlodlsm and what proportion of 
adapted and unadapted germplasm is most desirable. Holley and Goodman 
(1988) suggested the development of photoperlod-insensltlve populations 
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of tropical germplasm before crossing selections with adapted germplasm, 
or the use of locally adapted lines in exotic x adapted lines. The 
latter were not successful due to lack of understanding of inheritance of 
photoperiod and the range of effects sensitivity has on maize development. 
They found that inbred lines derived from tropical populations and 
selected for earliness were relatively insensitive to photoperlod. This 
was a result of the apparent presence of complementary genetic systems 
for photoperiod sensitivity among the different tropical materials. 
These Inbreds are only a week later than the Corn Belt inbred line B73. 
Resulting genotypes, however, may still be photoperiod sensitive because 
of the Inability to distinguish between early-maturing and photoperlod-
Insensltive genotypes under long-day conditions. They were, however, 
successful in the development of relatively photoperlod-lnsensitlve 
Inbred lines. Indicating that proper selection of tropical germplasm may 
eliminate the need to combine sensitive exotic germplasm with large 
percentages of adapted germplasm. Compton et al. (.1979) had earlier 
suggested very mild selection in exotic germplasm to prevent the loss 
of many favorable alleles, when he used mass selection for adaptability 
and prolificacy. Francis et al. (1969) tested various maturity classes 
among 49 maize Inbreds and hybrids for photoperlod sensitivity and found 
extremes of Insensltlvlty and sensitivity In each class. Two growth 
chambers under long-day and short-day conditions, respectively, were 
used. Inbred lines that differentiated early were more likely to be 
insensitive or intermediate in reaction to different photoperlods. 
Under field conditions, however, days to differentiation are not 
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nece necessarily correlated with days to anthesis. They suggested that 
Inse Insensltlvity could be Incorporated Into maize of different maturities 
and and thus the development of genotypes with very wide adaptation Is 
poss possible. Moss and Heslop-Harrlson (1968) found that inflorescence and 
poll pollen fertility was readily modified by environmental factors. 
Russell and Stuber (1983a; 1983b) have used days to tassel initia­
tion tion (DTI) to measure photosensitivity (cultivars that exhibit photo-
perli period-induced differences in maturity). Tassel Initiation is the first 
visil visible sign that a plant has shifted from vegetative to reproductive 
stag< stage of development (Russell and Stuber, 1984). Hunter et al. (.1974) 
earlJ earlier reported that photoperiod had major effects on the amount of 
veget vegetative growth and development that took place prior to tassel 
initjinitiation. Delays in time to tassel initiation under long photoperiod 
were were relative to the maturity of the material with early-maturing 
cultjcultivars largely unresponsive to photoperiod (Hunter et al., 1974; 
KinirKiniry et al., 1983). Brewer et al. (1976) found that long photoperlods 
and land low temperature independently increased the number of days from 
plantplanting to tassel initiation.• Allison and Daynard (1979) shortened the 
inter interval from sowing to the start of ear initiation by reducing daylength. 
TotalTotal leaf number (TLN) has also been used to measure photoperiod 
resporesponse (Stevenson and Goodman, 1972; Russell and Stuber, 1983a; 1983b). 
PhotoPhotoperiod influences duration from planting to floral differentiation 
throu|through its effect on the number of leaves per plant (Tollenaar et al., 
1979)1979). Total leaf number is fixed at the time of tassel initiation and 
is usiis used in predicting the occurrence of tassel initiation in maize. It 
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Is a better method than using DTI because It Is nondestructive. Days to 
pollen shed is another nondestructive method of measuring photoperlod 
response. It Is an Indirect measure of DTI (Russell and Stuber, 1985). 
Francis et al. (1970) earlier found correlations between number of days 
to differentiation with days to anthesls and with days to silking. 
Bonaparte (1975) studied effects of photoperlod and other factors on the 
leaf number and duration to tassel emergence In maize. The overall 
effect of the reduction of daylength resulted In a significant reduction 
In the period from planting to tassel emergence. 
Khln and Macklll (1986) studied the degree of photoperlod sensitivity 
in and Fg of crosses between sensitive and insensitive rice cultivars 
under field conditions. They found that photoperiod-sensitive genotypes 
had short critical daylengths, i.e., late flowering dates. The choice 
of the Insensitive parent greatly Influenced the number of strongly 
sensitive lines recovered. 
Ultimate adaptation to daylength in the target environment will only 
be attained by selecting in that environment or in an environment with 
an equal daylength (.Russell and Stuber, 1985). This of course is not 
practical in all situations and methods to overcome photoperlod 
sensitivity should continue to be sought in order to benefit from the 
rich maize germplasm that is available. 
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MATERIALS AND METHODS 
Plant Materials 
The plant materials used In this study were as follows: seven 
populations, four Inbred lines, 30 crosses between six of the populations 
and five testers consisting of the four Inbred lines and the remaining 
population, and one hybrid check. The populations were tropical germ-
plasm bank accessions with origins In Mexico, Central, and South America, 
while the Inbred lines were early maturing commercial lines from the Corn 
Belt region (Smith et al., 1985; Pollak, 1988). A list of the material 
is shown in Table 1 while a brief description is given below: 
1. Caingang. This is a Brazilian race of average maturity 
(Patemiani and Goodman, 1958). It has dent kernels with a 
floury white endosperm. The accession used in the study, 
however, was a floury pale yellow collection from Bolivia. 
2. Negro de Tierra Caliente - GUA 146 (NDTC-146). This is a 
Guatemalan Sub-race with a floury endosperm. It has red 
kernels (Wellhausen et al., 1957). The collection used was 
from Guatemala. 
3. Negrito was collected in Colombia (Roberts et al., 1957), 
The race has a floury endosperm with purple/black, flint/ 
dent kernels. 
4. Lenha. This is also a Brazilian race (Paterniani and 
Goodman, 1958). The kernels are short, floury, and white. 
5. Costeno is a race from Venezuela (Grant et al., 1963). The 
material used in the study was of white flint kernel type. 
Table 1. Plant material evaluated 
Kernel Place of 
Genotypes (background) color Kernel type Source^ origin^ 
Populations 
Caingang (BOV 78) Pale yellow Floury 1 Brazil 
Negro de Tierra Caliente (GUA 146) Red Floury 1 Guatemala 
Lenha (RGS XX) White Floury, Dent 2 Brazil 
Negrito Purple/black Floury, Flint/Dent 3 Colombia 
Costeno (VEN 453) White Flint 2 Venezuela 
Negro de Tierra Caliente (GUA 159) Black Flint/Dent, Floury 2 Bolivia 
Zapalote Chico White Dent 4 Mexico 
Lines 
B14A (Iowa Stiff Stalk Synthetic) Yellow Dent 5 U.S.A. 
Oh43 (Lancaster Sure Crop) Yellow Dent 5 U.S.A. 
CM105 (Iowa Stiff Stalk Synthetic) Yellow Dent 6 U.S.A. 
A654HT (Reid Yellow Dent) Yellow Dent 6 U.S.A. 
^1 = D. C. Jewell, Centre Internacional de Mejoramiento de Maiz y Trlgo (CIMMÏT), El Batan, 
Mexico; 2 = M. M. Goodman, North Carolina State University, Raleigh, NC; 3 = C. Diaz A., Institute 
Colombiano Agropecuario (ICA), Medellin, Colombia; 4 = A. R. Hallauer, lowa State University, Ames, 
lA; 5 = W. A. Russell, Iowa State University, Ames, lA; and 6 = G, Pollak, Wilson Seed Company, 
Harlan, lA. 
Country where genotypes were collected. 
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6. Negro de Tierra Caliente - GUA 159 (NDTC-159). This is another 
collection from the Guatemalan Sub-race by the same name. It 
is a black flint/dent with a floury endosperm. The collection 
was from Bolivia. 
7. Zapalote Chico (jZ. Chlco). This is an early maturity popula­
tion. Wellhausen et al. (1952) described it as an extremely 
vigorous daylength independent Mexican dent maize of different 
morphological type than most United States maize. It has a 
white endosperm. 
8. B14A. This is the rust resistant version of B14 (Russell, 
1965). The source, inbred line B14, came from the original 
Iowa Stiff Stalk Synthetic population (Russell, 1986). Francis 
et al. (1969) and Russell and Stuber (1983a) classified B14A 
as photoperiod insensitive. 
9. Oh43 is an inbred line that has some Lancaster Sure Crop 
background (Smith et al., 1985). It has been classified as 
photoperiod insensitive (Francis et al., 1969; Russell and 
Stuber, 1983a). 
10. CM105: This is an Iowa Stiff Stalk Synthetic related line 
(Smith et al., 1985). It is moderately photoperiod sensitive 
(Russell and Stuber, 1983a). 
11. A654HT. The inbred line is the Helmlnthosporium turcicum re­
sistant version of A654. The source of A654 line Is of pre-
domlnatly Reid Yellow Dent background (Smith et al., 1985). 
The five latter genotypes were used as testers. The first six 
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populations were among 61 populations that had been evaluated for heat 
units and days to flowering at the USDA-ARS Tropical Agriculture 
Research Station Farm in Isabela, Puerto Rico in 1983 and at the Agronomy 
and Agricultural Engineering Research Center near Ames, Iowa in 1984, 
and 1985 (Pollak, 1985). 
The population by tester crosses for this study were produced in 
Puerto Rico in 1986 and 1987. Each cross was produced by either bulk 
pollinations from populations to testers or by one-to-one crosses from 
tester to population. Population per se and inbred line seed was pro­
duced in Iowa in the summer of 1986. .Random mating and selflng were used 
to make the pollinations, respectively. About 10 or more plants were 
harvested for seed from populations per se and population crosses, while 
three or more plants were harvested for seed from inbred lines. 
Experimental Procedures 
Growth chamber analysis; Experiments 100 and 200 
Populations, testers, and testcrosses were evaluated for days to 
tassel emergence under controlled environments in the growth chamber. 
Two experiments, one for populations and testers (Experiment 100) and 
the other for testcrosses (Experiment 200), were run. Five kernels per 
genotype were planted into 22 cm diameter plastic pots with drainage 
holes on the bottom sides. The support medium consisted of a mixture 
of 20% soil, 40% Canadian Sphagnum peat moss, and 40% coarse perlite. 
The pots were thinned to three plants shortly after emergence. In 
order to control the height of the plants in the chamber, they were 
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sprayed with a growth retardant, ethrel, at 75 cm of height. Barley and 
Sllfe (1969) found that date and rate of pollen shed were not affected by 
ethrel. The plants were watered once In two days Initially or as they 
needed moisture, and later almost dally. They were also provided with a 
fertilizing solution, 20-10-20 Peter's Peatllte at approximately 250 ppm 
NOg, once every week. Two replications of each genotype arranged In a 
randomized complete block design were analyzed In each run In Experiment 
100. Due to limited space In the growth chamber, a single replication of 
each genotype was Included In each run In Experiment 200. The plants In 
both experiments were kept under an 18-hr photoperlod for the first three 
weeks. To characterize the critical daylengths of the genotypes, I 
reduced the photoperlod by 2 hours each week for the following two weeks 
and then by one hour each week thereafter. Data for days to tassel emer­
gence were recorded for each plant and mean per plot calculated. Both 
experiments were repeated two times during the period between 1987 and 
1988. Temperature In the growth chamber was kept constant at 30°C, The 
growth chamber was a Convlron PGW 36 with source of light being a mixture 
of fluorescent and Incandescent lights designed to give a maximum of 960 
2 pE/m /sec. 
Field analysis ; Experiment 300 
Only testcrosses were evaluated in the field. Evaluations were done 
in three environments, two years (1987 and 1988) in Iowa and one year 
(1987) in Puerto Rico. The hybrid check, B73 x Mol7, was included in all 
locations. 
The experimental design was a randomized complete block with two 
21 
2 
replications. Plot size was 8.10 m with two rows of 17 plants each. 
The plant density was approximately 42,000 plants/ha. Plots were machine 
planted in the Iowa locations, and hand-planted In Puerto Rico. Data 
were collected at all locations for days to pollen shed per each plant 
and also for heat units to flowering, and the means per plot calculated. 
Statistical Analysis 
The analyses of variance for days to tassel emergence and days to 
pollen shed was done using the model for a randomized complete block 
design. A random model was assumed with replications, environments, 
and genotypes being random. 
Experiment 100 
The model used for analyzing data for one environment was: 
ïy = li + Rj + Oj + ey ! 
where 
= observed value of the 1^^ genotype growing in the 
replication; 
y = overall mean of all genotypes; 
Rj = effect of the replication; 
= effect of the 1^^ genotype; and 
e^j = experimental error associated with the ij^^ observation-
The components of the analysis of variance are given in Table 2. 
The linear model for the combined analysis of variance was: 
?ljk = " + Gk + + =1 + (GB)lk + njk = 
where 
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Table 2. Format for the analysis of variance for one run for 
Experiment 100 
Source df Mean squares . Estimated mean squares 
Replications r-1 
2 2 Genotypes (G) g-1 Mg a + ro^ 
Error (r-1) (g-1) 
Total rg-1 
= observed value of the i^^ genotype growing in the 
replication at the environment; 
U = overall mean of all genotypes; 
Ej^ = effect of the environment; 
(R/E)j^ = effect of the replication within the k^^ environment; 
Gj^ = effect of the i^^ genotypes; 
(GE)^j^ = effect of the interaction of the k^^ environment with 
the i*"^ genotype; and 
e... = experimental error associated with the ijk^^ observation. ij K 
Table 3 shows the components of the analysis of variance. 
Experiments 200 and 300 
The models used for analyzing data for one environment were: 
Y^j = p + Rj + , and 
' 
where 
Y^j = observed value of the i^^ cross growing In the 
replication; 
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Table 3. Format for the combined analysis of variance for Experiment 
100 
Source df Mean squares Expected mean .squares 
Environments (E) 
Repllcatlons/E 
e-1 
e(r-l) 
Genotypes 8-1 «3 
2 . 2 . 
° + rOcE + 
2 
reac 
E X genotypes (e-1)(g-1) «2 
2 . 2 
Error 
Total 
e(r-l)(g-l) 
reg-1 
«1 
2 
a 
y = overall mean of all crosses; 
Rj = effect of the replication; 
• effect of the l'^ cross; 
= effect of the population; 
T^ = effect of the m^^ tester; 
(PT)^^ = effect of the Interaction of the population with the 
m^^ tester; 
= observed value of the population crossed to the m*"^ 
tester; and 
e^j = experimental error associated with the Ij^^ observation. 
The components of the analysis of variance are given In Table 4. 
The models used for combined analysis of variance were: 
?ljk - " + Ek + + Cj + (CE)j^ + and 
?k,m - " + Ek + I,, + P, + (PI)^„ + (TE)^ + (PE)w + (.PTE)^,„ i 
where 
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Table 4. Format for the analysis of variance for one environment for 
Experiments 200 and 300 
Source df Mean squares Expected mean squares 
Replications r-1 
Crosses c-1 M2 a2 + 
Populations (P) p-1 
^21 
a2 + 
'"pT 
+ 
2 
rmOp 
Testers (T) t-1 
^22 
2 
a + rOpT + 
2 
rLOp 
P X T (p-l)(t-l) 
**23 
2 
a + 
'"pT 
Error (r-1)(c-1) Ml a' 
Total rc-1 
= observed value of the 1^^ cross growing In the j 
replication at the environment; 
p = overall mean of all crosses; 
= effect of the environment; 
(R/E)jj^= effect of the replication within the k^^ environment; 
= effect of the 1^^ cross; 
(CE)^j^ = effect of the Interaction of the k*"^ environment with 
the 1^^ cross; 
^kJlm ~ observed value of the population crossed to the m*"^ 
tester In the k^^ environment; 
= effect of the population; 
T = effect of the m^^ tester; 
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(PT)j^^ = effect of the Interaction of the population with the 
th ^ ^ 
m tester; 
(TE)j^ = effect of the Interaction of the tester with the 
environment ; 
(PE)^j^ = effect of the interaction of the population with the 
environment ; 
(PTE)^^^ = effect of the interaction of the population, 
tester with the k^^ environment ; and 
e^j^ = experimental error associated with Ijk^^ observation. 
Table 5 shows the components of the combined analysis of variance. 
Table 5. Format for the combined analysis of 
200 and 300 
variance for Experiments 
Source df 
Mean 
squares Expected mean squares 
Environments (E) e-1 
Replications/E e(r-l) 
Crosses c-1 M- 2 a + ro + • 2 reo 3 UiS c 
Populations (P) p-1 «31 a' + 
2 
rOpTg + rma^E + 
2 
rmeop 
Testers (T) t-1 «32 a' + 
2 
*^PTE 
+ rA*TE + r&eo^ 
P X T (p-l)(t-l) «33 a' + 
2 
^^PTE 
+ 
2 
reOpT 
E X Crosses (e-1)(c-1) «2 
2 
a + 
2 
CE 
E X P (e-1)(p-1) «21 + ^°PTE + rmo^E 
E X T (e-1)(t-1) «22 
2 
a + 
^^PTE 
+ 
"°TE 
E X P X T (e-1)(p-1)(t-1) «23 
2 
a + 
2 
^^PTE 
Error e(r-l)(c-1) «1 
2 
a 
Total erc-1 
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RESULTS AND DISCUSSION 
The results of the six populations from a previous study of 61 
tropical germplasm bank accessions are shown In Table 6. Days to flower 
and heat units to flower, among other traits, were measured. Days to 
flower In the places of origin are also shown (Wellhausen et al., 1957; 
Faternlanl and Goodman, 1958; Grant et al., 1963). Two populations re­
presented three maturity groups. Under the short daylengths of Puerto 
Rico, the two populations In each group flowered at the same time. In 
Iowa, In all maturity groups, differences In days and heat units to flower 
were observed Indicating differences In photoperlod sensitivity within 
maturity groups. Altken (1974) cites that the presence of sensitivity 
within genotypes is revealed by observed reactions of plants in growing 
seasons that differ strongly in photoperlod but little in temperature. 
Differences in temperature in the two years the populations were evaluated 
in Iowa can be seen in the days to flowering. The year 1984 was hotter 
than 1985 and genotypes flowered much earlier in 1984 than the following 
year. All genotypes, even in the early maturity group, flowered too 
late for effective evaluation of yield potential. 
Experiment 100 
There were three missing plots for both CosteAo and Â654HT in the 
three times times the experiment was conducted. This was mostly due to 
poor seed germination and poor seedling vigor followed by the death of 
the plants. 
The analyses of variance with missing values and the coefficients 
27 
Table 6. Days and heat units to flowering for six early, average, and 
late tropical populations evaluated In Iowa and Puerto Rico 
In 1984 and 1985* 
Population 
Origin 
Days 
Puerto Rico 
1984 
Iowa 
1984 
Iowa 
1985 
Days 
Heat 
units Days 
Heat 
units Days 
Heat 
units 
Early 
Calngang 74 62 1604 79 1586 82 1521 
NDTC-146 90 62 1604 84 1716 102 1928 
Average 
Negrito 82 71 1831 101 2092 120 2241 
Lenha 69 71 1831 86 1770 91 1694 
Late 
NDTC-159 90 78 2013 98 2040 104 1968 
Costeno 72 78 2013 100 2080 120 2241 
*After Pollak, 1988. 
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of variability for days to tassel emergence under systematically 
decreasing photoperiod for three experiments are shown in Tables 7, 8, 
and 9, respectively. The combined analysis is shown in Table 10. The 
coefficients of variability ranged from 2.90% to 6.97%, which were 
relatively small. There were highly significant differences among 
genotypes indicating different critical daylengths among the populations 
and Inbred lines. Environments x genotypes interaction mean squares 
were not significant. The environments did not affect the genotypes. 
Genotypes performed similarly each time they were evaluated. 
Means of the seven populations and four inbred lines over replica­
tions and over environments are presented in Table 11. The overall means 
of the genotypes are also displayed in Figure 1. Each bar represents the 
overall mean for days to tassel emergence of genotypes. The Inbred lines 
and the photoperiod insensitive population, Z. Chico, matured early under 
longer photoperiods while the tropical populations did not exhibit tassel 
emergence until the photoperiods were shorter. This is as expected 
among tropical, insensitive, and temperature materials. The method of 
evaluation did not allow effective critical daylength characterizations. 
Tassel emergence occurred during the 12-hr photoperiod and was over by 
the 9-hr photoperiod so only relative ranking was done to characterize 
the genotypes. Among the inbred lines, CM105, which has been classified 
as moderately photoperiod sensitive (Russell and Stuber, 1983a), matured 
earlier than all the other inbred lines followed by Oh43, the population 
Z. Chico, and B14A. Z. Chico and Oh43 had more or less similar perfor-
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Table 7. Analysis of variance for days to tassel emergence for six 
populations and four Inbred lines tested In the growth 
chamber in June, 1987 
Source df^ Mean squares 
Replications 1 2.45*9 
Genotypes 9 162.49** 
Error 9 16.67 
CV (%) 6.97 
^Missing values. 
**Slgnlfleant at P = 0.01 and ns is nonsignificant. 
Table 8. Analysis of variance for days to tassel emergence for seven 
populations and four Inbred lines tested in the growth 
chamber in January, 1988 
Source df^ Mean squares 
Replications 1 14.66"® 
Genotypes 10 66.07** 
Error 9 5.98 
CV (%) 4.18 
^Missing values. 
**Signifleant at P = 0.01 and ns Is nonsignificant. 
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Table 9. Analysis of variance for days to tassel emergence for seven 
populations and three Inbred lines tested In the growth 
chamber In March, 1988 
Source df^ Mean squares 
Replications 1 7.23 
Genotypes 9 96.33** 
Error 7 2.90 
CV (%) 3.04 
*Mlsslng values. 
**Slgnlfleant at P = 0.01 and ns Is nonsignificant. 
Table 10. Combined analysis of variance for days to tassel emergence 
for seven populations and four Inbred lines In three 
environments In 1987 and 1988 
Source df^ Mean squares 
Environments (E) 2 45.71* 
Repllcatlons/E 3 8.11"* 
Genotypes 10 271.31** 
E X Genotypes 18 15.40"® 
Pooled error 25 8.97 
CV (%) 5.19 
^Missing values. 
*,**Slgnlflcant at P = 0.05 and 0.01, respectively, and ns is 
nonsignificant. 
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Table 11. Means of seven populations and four Inbred lines for days to 
tassel emergence for three growth chamber evaluations in 
1987 and 1988 
Days to tassel emergence 
II III Combined a 
Populations 
Calngang 
NDTC-146 
Negrito 
Lenha 
NDTC-159 
Costeno 
57 
60 
68 
64 
69 
64 
59 
67 
63 
63 
63 
61 
57 
64 
60 
66 
59 
60 
59 
66 
62 
66 
61 
Testers 
Z. Chlco 
Oh43 
A654HT 
CM105 
B14A 
55 
50 
65 
40 
60 
54 
53 
54 
48 
56 
50 
50 
43 
54 
53 
51 
61 
44 
56 
Mean 
LSD (0.05) 
59 
7 
58 
4 
56 
3 
58 
1 
44-49 days = 12 hr photoperiod; 50-56 days = 11 hr photoperiod; 
57-63 days = 10 hr photoperiod; and 64-69 days = 9 hr photoperiod. 
Figure 1. Days to tassel emergence of populations and inbred lines, 
1 = Caingang 
2 = NDTC-146 
3 = Negrito 
4 = Lenha 
5 = NDTC-159 
6 = Costeno 
7 = Z. Chico 
8 = Oh43 
9 = A654HT 
10 = CM105 
11 = B14A 
tested in three growth chamber environments in 1987 and 1988 
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mance in individual experiments. A654HT, whose photoperlod sensitivity 
is unknown, did not flower until later. Among the populations, within 
the maturity group, the overall means indicated no difference within 
the early group, but there were differences in the average and late 
groups. Differences in tassel emergence within groups were observed in 
at least two experimental means (Table 11). 
The significant differences among the populations and inbred lines 
is an indication of different responses to photoperlod, hence, different 
critical daylengths. Combined data (Table 11) show that tassel 
emergence did not start until the 12-hr photoperlod and was over by the 
9-hr photoperlod. Some entries had different days to tassel emergence 
but the days were within the same photoperlod. Among the populations, 
the early maturity group did not differ significantly in tassel 
emergence and they had the same photoperlod. The average maturity group 
had significant different days to tassel emergence and different 
photoperiods with the later population exhibiting tassel emergence 
under the shorter photoperlod. The situation was the same in the late 
maturity group. Among the inbred lines, CM105 exhibited tassel 
emergence earliest during the 12-hr period of light. The inbred lines 
Oh43 and B14A together with the insensitive population, Z. Chico, all 
had tassel emergence during the 11-hr photoperlod. However, they all 
had significantly different days to tassel emergence with Oh43 being the 
earliest followed by Z. Chico and then B14A. This indicates that 
maturity may not always be a good indicator for photoperlod response. 
A654HT had the latest tassel emergence during the 10-hr photoperlod. 
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When the populations were previously evaluated In Iowa (Table 6), 
all populations within maturity groups were suggested to have different 
responses to photoperlod. The results In this study prove otherwise for 
the early maturity group only which shows no difference In photoperlod 
response. Costeno was previously found to be later than NDTC—159, 
contrary to the current study. Poor seedling vigor coupled with some 
missing plots may have been a factor. 
Experiment 200 
The combined analysis of variance for days to tassel emergence of 
30 testcrosses evaluated In single replications under decreasing photo-
periods Is shown In Table 12. This was done to characterize critical 
daylengths of testcrosses with the knowledge of the critical daylengths 
of the populations and testers that formed them. Spencer (1974) found 
that F2 crosses between photoperlod sensitive and Insensitive cultlvars 
gave an Intermediate response between those of their parents Indicating 
either involvement of a polygenic system or a limited number of genes 
expressing no dominance and being additive in effect. 
Highly significant differences among testcrosses were observed. 
The crosses were also partitioned Into populations, testers, and 
populations x testers sources of variation. Both the populations and 
testers mean squares were also highly significant. The populations by 
testers interaction, however, was not significant. This implies that 
within a population, performance was the same when crossed to different 
testers. Means of the testcrosses for days to tassel emergence are 
presented in Table 13 and Figure 2a and 2b. The photoperlod sensitivity 
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Table 12. Combined analysis of variance for days to tassel emergence 
for 30 testcrosses tested In single replications In three 
growth chamber environments In 1987 and 1988 
Source df Mean squares 
Replications 311.60** 
Crosses 29 27.32** 
Populations (P) 
Testers (T) 
82.92** 
54.98** 
P X T 20 7.90 ns 
Error 
CV (%) 
56 6.53 
4.56 
^Missing values. 
**Signlfleant at P = 0.01 and ns Is nonsignificant. 
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Table 13. Means of 30 testcrosses for days to tassel emergence for 
three growth chamber evaluations in 1987 and 1988* 
Tester 
Population Z. Chico Oh43 A654HT CM105 B14A Mean 
Caingang 52 55 59 51 54 54 
NDTC-146 50 54 52 52 55 53 
Negrito 58 59 59 57 58 58 
Lenha 54 56 56 51 57 55 
NDTC-159 55 • 60 57 56 61 58 
Costeiio 58 57 59 54 59 57 
Mean 55 57 57 54 57 56 
Testcross LSD (0.05) = 
Population LSD (0.05) = 
Tester LSD (0.05) = 
4 
1 
1 
^50-56 days = 11 hr photoperiod and 57-61 days - 10 hr photoperiod. 
Figure 2a. Days to tassel emergence of 15 testcrosses. 
11 Calngang X Z. Chico 
12 = Calngang X Oh43 
13 = Calngang X A654HT 
14 = Calngang X CM105 
15 = Calngang X B14A 
21 = NDTC-146 X Z. Chico 
22 = NDTC-146 X Oh43 
23 = NDTC-146 X A654HT 
24 = NDTC-146 X CM105 
25 = NDTC-146 X B14A 
31 = Negrito x Z. Chico 
32 = Negrito : K Oh43 
33 = Negrito : X A654HT 
34 = Negrito : X CM105 
35 = Negrito : X B14A 
tested In three growth chamber environments In 1987 and 1988 
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Figure 2b. Days to tassel emergence of 15 testcrosses. 
41 = Lenha x Z. Chico 
42 = Lenha x Oh43 
43 = Lenha x A654HT 
44 = Lenha x CM105 
45 = Lenha x B14A 
51 = NDTC-159 X Z. Chico 
52 = NDTC-159 X Oh43 
53 = NDTC-159 X A654HT 
54 = NDTC-159 X CM105 
55 = NDTC-159 X B14A 
61 = Costeno x Z. Chico 
62 = Costeno x Oh43 
63 = Costeno x A654HT 
64 = Costeno x CM105 
65 Costeno x B14A 
tested in three growth chamber environments in 1987 and 1988 
BAR CHART OF MEANS 
DAYS MEAN 
GO + **** 
**** ***$ **** 
**** **** **$* *$** **** **** 
* * $ *  **** * * * *  **** * * * *  **** **** **** 
* * * *  **** **** **** **** **** **** **** 
50 + * * * *  **$* **** **** **** ***$ $*** **** **** 
* * * *  * * * *  * $ * *  $ * * *  **** * $ $ *  * * * *  **$* **** 
**** **** **** **** **** **** **** **** **** 
* * * *  * * * *  **** **** * * * *  **** **** **$* **** 
**** * * $ *  **** **** **** * * * *  **$* **** **** 
40 + * * * *  $ * * *  *$** *$** **** * * * *  **** **** **** 
* * * *  * * * $  **** **** * * * *  **»» **** $ * $ *  * * * *  
* * * *  ***$ *$** ***$ **** * * * *  *$** $**$ **** 
* * * $  **** **** **** **** **** **** **** **** 
**** **** **** **** $*** **** **** **** **** 
30 + * * * *  $ * * *  * * * $  * * * *  * * * *  * * * *  * * * *  * * * *  **** 
**** **** **** **** **** **** **** **** 
* * * *  * * * *  * * * *  * * * *  $ * * *  $$** *$** **** **** 
* * * *  * * * *  **$* **** **** $ * * *  **** **** **** 
**** **** **** **** **** **** **** **** * * * *  
20 + * * * *  * * * *  **** **** **** * * * *  **** ***$ **** 
* * * *  * * * *  **** **** * * * *  **** **** **** **** 
**** * * * *  **** **** **** * * * *  **** **** **** 
* * * *  * * * *  * * * *  * * * *  * * * *  * * * *  * * * *  $*** **** 
* * * *  * * * *  * * * *  * * * *  * * * *  * * * *  * * * *  * * * *  $*$* 
10 + $*** **** **** **** **** **** **** **** **** 
**** **** **** **** **** **** * * * *  **** **** 
* * * *  **** **** **»* **** * * * *  **** *$** $*$* 
**** **** **** **** **** **$* **** **$* **** 
* * * *  $ * * $  **$* * * * *  * * * *  *$** **$$ **** **** 
41 42 43 44 45 51 52 S3 54 
ENTRY 
***$ 
**** $ * $ *  
* * * *  * * * *  * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  * * * *  
* * * *  * * $ *  $ * * *  * * $ *  »*** 
* * * *  * * * *  * * * *  * * * *  * * * *  
**** * * * *  ***$ * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  * * * *  
* * * *  * * * *  * * * *  *$** * * * *  
* * * *  * * * *  * * * *  * * $ *  * * * *  
* * * *  * * * *  * * * *  * * * *  * * * *  
* * * *  $ * * *  $*** * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  * * * *  
* * $ *  * * * *  * * * *  * * * *  * * * *  
$ * * *  '  * * * *  * * * *  * * * *  * * * *  
* * * *  * * * *  ***# * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  * * * *  
* * $ *  * * * *  * * * *  * * * *  * * * *  
* * * *  * * * $  * * * *  $ * * *  * * $ *  
* * * *  * $ * *  * * * *  * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  * * * *  
* * * *  * * * *  * * * *  * * * *  $ * * *  
* * * *  ***$ **** $*** **** 
* * * *  * * * *  * * * *  * * * *  * * * *  
* * * *  * * * *  * * * *  * * $ *  * * * *  
55 61 62 63 64 
42 
Is reduced with the crossing of populations to less sensitive testers. 
The reduction In days to tassel emergence In the populations can be seen 
in their testcrosses (Tables 11 and 13). The days to tassel emergence 
among the populations ranged from 59 to 66 while they ranged from 53 to 
58 among the population testcross means. The change in photoperiod 
response to less sensitivity is evident and crossing more sensitive 
populations to less sensitive testers, therefore, is one method of 
achieving an intermediate response to photoperiod. 
No crosses matured in the 9-hr or 12-hr photoperiods, as was the case 
in the populations and testers. Tassel emergence occurred during the 
10-hr and 11-hr photoperiods. In some crosses, intermediate photoperiods 
were observed between less sensitive and more sensitive populations and 
testers. Other crosses showed performance of either parent or outside 
either parent. Photoperiod insensitivlty can be achieved by crossing 
populations to different testers. There was no significant parent by 
tester interaction for days to tassel emergence. Looking at the 
photoperiods, all types of dominance seem to be factors in the crosses 
from no dominance to overdominace. 
Experiment 300 
Experiment 300 involved testcross field evaluations for days to 
pollen shed and heat units to flowering in three environments in Iowa 
and Puerto Rico. Figure 2c shows heat units during the growing period. 
The 1987 growing season In Iowa was favorable. High temperatures and 
drought conditions were, however, experienced in 1988, The experiment 
in Puerto Rico was grown in the 1987-88 season with a mid-December 
Figure 2c. Heat units during the period from planting to flowering in Iowa, 1987 and 1988; and 
Puerto Rico, 1987-88 
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planting. Temperatures during the growing period ranged from monthly 
means of 19°C to 29°C. Temperatures during the growing season are shown 
In Figures 2d and 2e. There were missing plots for Costeno x CM105 in 
Iowa, 1988, and Puerto Rico resulting from male sterility in the cross. 
A different source of seed had been used for the Iowa, 1987, experiment. 
Analysis of variance and coefficient of variability for the Iowa, 
1987, experiment are shown in Table 14. The coefficient of variability 
for days to pollen shed and heat units to flowering were 1.59% and 
2.06%, respectively. Mean squares for testcrosses were highly signifi­
cant for both traits. Mean squares for testcrosses were further 
partitioned into populations, testers, and populations x testers mean 
squares which were also significant. Testcrosses under field conditions, 
therefore, reacted differently to photoperiod as they were shown to have 
differences in photoperiod sensitivity in Experiment 200. Populations 
and testers also showed different responses. Despite nonsignificant 
population x tester Interactions in Experiment 200, highly significant 
and significant differences were found in the field for days to pollen 
shed and heat units to flowering, respectively. This implies 
that populations react differently when crossed to different testers. 
This is only expected when populations are being crossed to testers 
with different sensitivity. The means of the test crosses for the two 
traits are presented in Table 15. The relationship between the two 
traits is positive as the heat units accumulate over time or days. The 
days to pollen shed were greatly reduced compared to when the popula­
tions were evaluated per se. A safe comparison can be made even if the 
Figure 2d, Maximum and minimum temperatures from planting to flowering in Iowa, 1987 and Puerto 
Rico, 1987-88 
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Figure 2e. Maximum and minimum temperatures from planting to flowering in Iowa, 1988 and Puerto 
Rico, 1987-88 
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Table 14. Analysis of variance for days to pollen shed and heat units 
to flowering (HU) for 30 testcrosses tested in Iowa in 1987 
Mean squares 
Source df 
Days to 
pollen shed HU 
Replications 1 0.42"® 3. 75"= 
Crosses 29 318.10** 10234. 95** 
Populations (P) 5 236.38** 45171. 54** 
Testers (T) 4 81.52** 13924. 19** 
P X T 20 4.13** 762. 96* 
Error 29 1.52 341. 96 
CV (%) 1.59 2. 06 
*,**Significant at P = 0.05 and 0.01, respectively, and ns is 
nonsignificant. 
Table 15. Means of 30 testcrosses for days to pollen shed and heat units to flowering (HU) 
evaluated in Iowa in 1987 
Z. Chico Oh43 A654HT CM105 B14A 
Days to Days to Days to Days to Days to 
Tester/ pollen pollen pollen pollen pollen 
population shed HU shed HU shed HU shed HU shed HU 
Caingang 75 860 73 841 72 827 71 805 77 877 
NDTC-146 76 853 72 825 70 792 70 798 74 853 
Negrito 86 1017 83 971 79 902 80 925 87 1025 
Lenha 78 888 75 860 71 805 74 853 75 864 
NDTC-159 83 972 78 888 75 857 76 873 81 940 
Costeno 84 987 83 972 83 972 79 947 87 1032 
Mean 77 896 
Testcross LSD (0.05) 2 27 
Population LSD (0.05) 0.6 8 
Tester LSD (0 .05) 0.5 7 
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populations and their testcrosses were not evaluated In one year. In 
the early maturity group, differences In the testcrosses were not 
significant. For both Calngang and NDTC-146, Z. Chlco and B14A had the 
least effect on reducing days to pollen shed compared to the other 
testers. In the average maturity group, the populations reacted 
differently when crossed to the testers. Â654HT shortened the period to 
maturity the most for both Lenha and Negrito. CM105 had a similar effect 
on Negrito as A654HT in inducing earliness. Like the early maturity 
group, Z. Chlco and B14A crosses were later in maturity. Only the Z. 
Chlco cross was later than the rest of the testcrosses for Lenha. In 
the late group, CM105 shortened the maturity more than the other testers 
in both populations, Z. Chlco x NDTC-159 was the latest among the test-
crosses with NDTC-159 while B14A x Costeno was the latest among the 
testcrosses with Costeno. 
Tables 16 and 17 show the analysis of variance and means of test-
crosses evaluated in Iowa in 1988, respectively. The coefficient of 
variability was 2.44% for the days to pollen shed and 2.89% for heat 
units to flowering. Sources of variation for crosses, populations, and 
testers were significant while that of population x tester interaction 
was not. Calngang and NDTC-146 again crossed similarly with all 
testers. Crosses with Negrito were later than those with Lenha just 
like in the previous study of populations per se. Costeno testcrosses 
likewise were later than those of NDTC-159. 
Mean squares for crosses, populations, testers, and populations x 
testers were highly significant (Table 18). Means of the testcrosses 
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Table 16. Analyses of variance for days to pollen shed and heat units 
to flowering (HU) for 29 testcrosses tested in Iowa in 
1988 
Mean squares 
Source • 
Days to 
pollen shed HU 
Replications 1 2.09"® 347.66"® 
Crosses 28 75.52** 13888.22** 
Populations (P) 5 349.54** 63346.44** 
Testers (T) 4 94.93** 18168.30** 
P X T 19 0.00 0.00 
Error 28 3.44 709.76 
CV (%) 2.44 2.89 
hissing values. 
**Significant at P = 0.01 and as is nonsignificant. 
Table 17. Means of 29 testcrosses for days to pollen shed and heat units to flowering (HU) 
evaluated in Iowa in 1988 
Z. Chico Oh43 A654HT CM105 B14A 
Tester/ 
population 
Days to 
pollen 
shed HU 
Days to 
pollen 
shed HU 
Days to 
pollen 
shed HU 
Days to 
pollen 
shed HU 
Days to 
pollen 
shed HU 
Caingang 72 866 71 858 71 858 70 834 73 890 
NDTC-146 72 866 70 834 68 812 67 792 74 897 
Negrito 84 1024 86 1060 85 1044 77 939 85 1043 
Lenha 75 912 73 882 70 834 66 806 77 940 
NDTC-159 79 960 77 940 73 890 75 913 78 956 
Costeno 85 1043 81 993 83 1017 86 1058 
Mean 76 923 
Testcross LSD (0.05) 
Population LSD (0.05) 
Tester LSD LSD (0.05) 
3 
0.5 
0.4 
39 
8 
6 
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Table 18. Analysis of variance for days to pollen shed and heat units 
for 29 testcrosses tested at Isabela, Puerto Rico, in 1987-
88 
Source df 
Mean squares 
Days 
pollen shed 
Heat 
units 
Replications 5.59 ns 1121.12 ns 
Crosses 28 17.93** 3082.99** 
Populations (P) 
Testers (T) 
P X T 19 
59.19** 
34.55** 
3.58** 
10164.94** 
6058.64** 
592.87* 
Error 28 1.62 294.12 
CV (%) 2 .20  2 .08  
M^issing values. 
*,**Signifleant at P = 0.05 and 0.01, respectively, and ns is 
nonsignificant. 
56 
are presented In Table 19. The populations within maturity groups had 
the same number of days to pollen shed in the previous study. The trend 
was the same in crosses with testers except for the crosses with À654HT 
in which the cross with Caingang was later than that with NDTC-146. • In 
the average group, the trend was the same too except for the cross with 
CM105 in which Negrito x CM105 was later than Lenha x CM105. No 
differences in the population crosses were observed in the late group. 
The comparison of the crosses with CM105 could not be made due to the 
nonavailability of data of Costeno x CM105. 
Combined analysis of variance was made on days to pollen shed and 
heat units to flowering in three environments (Table 20). Table 21 
presents testcross means across environments. Figures 3a and 3b and 
4a and 4b also give a display of the means in bar charts. There were 
significant mean squares for crosses, populations, environments x crosses, 
environments x populations and environments x testers for both traits. 
Mean squares for heat units were also significant for testers. The 
coefficients of variability were 2.11 for days to pollen shed and 2.40% 
for heat units to flowering. Crosses, populations, and testers did not 
perform similarly across environments. This should be expected between 
the Iowa and Puerto Rico environments due to the very different day-
lengths. Daylengths during the growing seasons in Iowa, 1987 and Puerto 
Rico can be seen in Figure 5. Testers were not found to have real 
differences for days to pollen shed except across environments. Popula­
tions X testers interactions were also not significant indicating that 
within populations there was the same effect with testcrosses. In the 
Table 19. Means of 29 testcrosses for days to pollen shed and heat units (HU) evaluated in Puerto 
Rico in 1987-88 
Z. Chico Oh43 A654HT CM105 B14A 
Days to Days to Days to Days to Days to 
Tester/ pollen pollen pollen pollen pollen 
population shed HU shed HU shed HU shed HU shed HU 
Caingang 53 766 55 784 57 816 56 797 59 835 
NDTC-146 52 747 54 778 52 753 55 785 57 816 
Negrito 59 835 60 849 55 791 61 863 61 870 
Lenha 57 816 61 863 56 803 57 816 61 863 
NDTC-159 58 822 59 845 59 839 61 863 63 898 
Costeno 59 835 60 856 60 856 — 62 884 
Mean 58 825 
Testcross LSD (0.05) 2 24 
Population LSD (0.05) 0.6 7 
Tester LSD (0.05) 0.5 6 
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Table 20. Combined analyses of variance and orthogonal contrasts for 
days to flowering and heat units to flowering for 30 test-
crosses tested at three environments In 1987 and 1988 
Mean squares 
Source df® 
Days to 
pollen shed 
Heat 
units 
Environments (E) 2 6972.49** 146493.24** 
Iowa vs Puerto Rico 1 13871.79** 271848.96** 
Iowa vs Iowa 1 73.18* 21137.50** 
Repllcatlons/E 3 2.70"® 490.84"® 
Crosses 29 119.19** 21075.78** 
Populations (P) 5 577.81** 101169.31** 
Testers (T) 4 130.21"® 25949.98** 
P X T 20 2.33"® 77.56"® 
E X crosses 56 13.41** 2871.60** 
E X P 10 33.65** 8756.81** 
E X T 8 40.39** 6100.58** 
E X P X T 38 2.40"® 643.08*® 
Pooled error 85 2.19 447.36 
CV (%) 2,11 2.40 
*Mlsslng values. 
*,**Slgnlfleant at P 
Is nonsignificant. 
= 0.05 and P = 0.01, respectively. and ns 
Table 21. Means of 30 testcrosses for days to pollen shed and heat units to flowering (HO) 
evaluated in three environments in Iowa and Puerto Rico in 1987 and 1988 
Testers/ 
populations 
Z. Chico Oh43 A654HT CM105 B14A 
Days to 
pollen 
shed HU 
Days to 
pollen 
shed HU 
Days to 
pollen 
shed HU 
Days to 
pollen 
shed HU 
Days to 
pollen 
shed HU 
Caingang 66 831 66 828 67 833 65 812 69 867 
NDTC-146 66 822 65 812 63 785 64 792 68 855 
Negrito 76 958 76 960 73 912 72 909 78 979 
Lenha 70 872 69 868 65 814 66 825 71 888 
NDTC-159 73 918 71 891 69 862 70 883 74 931 
Costeno 16 955 75 940 75 948 79 947 78 991 
Mean 70 881 
Testcross LSD (0.05) 5 76 
Population LSD (0.05) 2 29 
Tester LSD (0.05) 21 
Figure 3a. Days to pollen shed of 15 testcrosses. 
11 Calngang X Z. Chico 
12 Calngang X Oh43 
13 Calngang X A654HT 
14 = Calngang X CM105 
15 = Calngang X B14A 
21 = NDTC-146 X Z. Chico 
22 = NDTC-146 X Oh43 
23 = NDTC-146 X A654HT 
24 = NDTC-146 X CM105 
25 = NDTC-146 X B14A 
31 = Negrito : X Z. Chico 
32 = Negrito : X. Oh43 
33 = Negrito : X A654HT 
34 = Negrito : X CM105 
35 = Negrito : X B14A 
tested in three environments in Iowa and Puerto Rico in 1987 and 1988 
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Figure 3b. Days to pollen shed of 15 testcrosses, 
41 = Lenha x Z. Chico 
42 = Lenha x Oh43 
43 = Lenha x A654HT 
44 = Lenha x CM105 
45 = Lenha x B14A 
51 = NDTC-159 X Z. Chico 
52 = NDTC-159 x Oh43 
53 = NDTC-159 x A654HT 
54 = NDTC-159 x CM105 
55 = NDTC-159 x B14A 
61 = Costeno x Z. Chico 
62 = Costeno x Oh43 
63 = Costeno x A654HT 
64 = Costeno x CM105 
65 = Costeno x B14A 
tested in three environments in Iowa and Puerto Rico in 1987 and 1988 
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Figure 4a. Heat units to flowering 15 testcrosses. 
11 = Calngang X Z. Chico 
12 = Calngang X Oh43 
13 = Calngang X A654HT 
14 = Calngang X CM105 
15 = Calngang X B14A 
21 = NDTC-146 X Z. Chico 
22 NDTC-146 X Oh43 
23 = NDTC-146 X A654HT 
24 NDTC-146 X CM105 
25 = NDTC-146 X B14A 
31 = Negrito x Z. Chico 
32 = Negrito : X Oh43 
33 = Negrito X A654HT 
34 = Negrito X CM105 
35 = Negrito X B14A 
tested in three environments in Iowa and Puerto Rico in 1987 and 1988 
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Figure 4b. Heat units to flowering of 15 testcrosses, 
41 = Lenha x Z. Chico 
42 = Lenha x Oh43 
43 = Lenha x A654HT 
44 = Lenha x CM105 
45 = Lenha x B14A 
51 = NDTC-159 X Z. Chico 
52 = NDTC-159 x Oh43 
53 = NDTC-159 x A654HT 
54 = NDTC-159 x CM105 
55 = NDTC-159 x B14A 
61 = Costeno x Z. Chico 
62 = Costeno x Oh43 
63 = Costeno x A654HT 
64 = Costeno x CM105 
65 = Costeno x B14A 
tested in three environments in Iowa and Puerto Rico in 1987 and 1988 
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Figure 5. Daylengths during the period from planting to flowering in Iowa 1987, and Puerto Rico, 
1987-88 
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early group, Caingang x A654HT, was later than NDTC-146 x A654HT. In 
the average group and late group Negrito crosses were later than Lenha's 
and Costefio crosses were later than NDTC-159, respectively. 
Source of variation for environments, which was significant, was 
partitioned to contrast the two Iowa environments and also to contrast 
them with Puerto Rico. Both contrasts were significant. The combined 
analysis of variance for the two environments in Iowa is shown in Table 
22 and the testcross means are presented in Table 23. Mean squares for 
testcrosses, populations, testers, environments x testcrosses, and 
environments x testers were significant for both days to pollen shed and 
heat units. Environments x populations mean squares were also signifi­
cant for heat units. The significance exhibited in the combined 
analysis over the three environments (Table 20) were not just due to the 
daylength differences between Iowa and Puerto Rico. The two years in 
Iowa differed enough to result in significant environment interactions. 
The population testcross means for days to pollen shed and heat units are 
larger than those for the three environments (Tables 21 and 23), but they 
were still lower than those for the populations per se previously 
evaluated. They ranged from 68 to 87 days with corresponding heat units 
of 795 and 1045, respectively. 
Crossing the tropical populations with the testers definitely re­
duced the days to pollen shed to a stage where they can be evaluated in 
temperate regions for their potential to improve Corn Belt maize. The 
intermediate response between photoperiod sensitive and insensitive 
cultivars mentioned by Spencer (.1974) may be involved in some test-
70b 
Table 22. Combined analyses of variance for days to flowering for 30 
testcrosses tested at two environments In Iowa In 1987 and 
1988 
Mean squares 
Source df^  
Days to 
pollen shed 
Heat 
units 
Environments (E) 1 73.18** 21137.50** 
Repllcatlons/E 2 1.25"® 175.71"® 
Crosses 29 122.50** 22458.02** 
Populations (P) 5 580.71** 106251.07** 
Testers (T) 4 159.47** 29723.27* 
P X T 20 0.56*9 56.7l"® 
E X crosses 28 5.45** 1228.62** 
E X P 5 5.2l"® 2266.91** 
E X T 4 16.98** 2369.22** 
E X P X T 19 3.08"® 715.25"® 
Pooled error 57 2.46 522.63 
CV (%) 2.04 2.51 
hissing values. 
*,**Signlfleant at P = 0.05 and P = 0.01, respectively, and ns 
Is nonsignificant. 
Table 23. Means of 30 testcrosses for days to pollen shed and heat units to flowering (HD) 
evaluated in two environments in Iowa in 1987 and 1988 
Z. Chico 0h43 A654HT CM105 B14A 
Days to Days to Days to Days to Days to 
Testers/ pollen pollen pollen pollen pollen 
populations shed HU shed HU shed HU shed HU shed HU 
Caingang 73 863 72 849 72 842 70 819 75 883 
NDTC-146 73 860 71 829 69 802 68 795 74 875 
Negrito 85 1020 84 1015 82 973 78 932 86 1034 
Lenha 76 900 74 871 70 819 71 829 76 901 
NDTC-159 81 966 77 914 74 874 75 893 80 948 
Costeno 85 1015 82 983 83 995 79 947 87 1045 
Mean 77 909 
Testcross LSD (0.05) 3 50 
Population LSD (0.05) 0.4 17 
Tester LSD (0.05) 1 16 
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crosses. A654HT exhibits relative reductions In days to pollen shed in 
the crosses it is involved in. Testers have not been found to be 
different in field conditions in the combined analysis. Individual 
environment field evaluations and growth chamber evaluations, however, 
show some significance. Â654HT and CM105 seem to be different in their 
crosses with the early and average groups, respectively. Spencer (1974) 
states that lines showing insensitivity to photoperlod can either be 
early or late flowering. This may also apply to sensitive lines like 
Â654HT has appeared to be. B14A which has been classified insensitive 
and is the second latest inbred in the growth chamber analysis shows the 
intermediate effect which can easily be seen in the bar charts (Figure 
1). Population crosses with the inbred lines are relatively later 
preceded by those of Z. Chico. 
In the Iowa, 1987 evaluation, either CM105 or A654HT induced 
earliness in their crosses with populations of all maturity groups. This 
was surprising considering the fact that A654HT had the latest days to 
tassel emergence among the testers when they were evaluated in the growth 
chamber. These results were found despite a significant population by 
tester interaction. The same inbred lines were featured in Iowa. 1988, 
where the population by tester interaction was nonsignificant. In 
Puerto Rico, under short daylength, the populations per se had earlier 
been found to have the same days to flower (Table 6). When crossed to 
different testers, Z. Chico produced crosses that flowered early compared 
to other testers except with the population Negrito where Negrito x 
A654HT was the earliest population cross. Combined analysis found CM105 
71b 
and Â654HT once more to produce the earliest population crosses. Crosses 
Involving other testers were also reasonably early, such that evaluations 
based on agronomic characteristics could be done. 
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SUMMARY AND CONCLUSIONS 
Six tropical populations and five testers Including a photoperlod 
insensitive population, Z. Chlco, were evaluated. The other testers 
were Inbred lines Oh43, A654HT, CM105, and B14A. The populations 
Calngang, NDTC-146, Negrito, Lenha, NDTC-159, and Costeno represented 
three maturity groups, with two populations in each group. The 
populations and Inbred lines were evaluated per se and as testcrosses 
in the growth chamber for critical daylength. The testcrosses were also 
evaluated in the field for days to pollen shed and heat units to 
flowering. The objectives of the study were to characterize the 
critical daylength at which six tropical maize germplasm bank accessions 
initiate" flowering, to characterize several early maturity yet 
commercially acceptable inbred lines for critical daylength, to determine 
which Inbred line reduces time to flowering enough when crossed to a 
tropical population so that the testcrosses can be evaluated in the Corn 
Belt, and finally to determine whether a tropical by tester Interaction 
occurs which would indicate different genes controlling photoperlod 
operating in various genotypes. 
The six populations had been part of a previous evaluation in which 
61 tropical germplasm bank accessions had been evaluated for time to 
flowering, heat units to flowering, plant and ear heights. The 
accessions were evaluated for one year in Puerto Rico and two years in 
Iowa. Two populations were picked to represent the three maturity 
groups. These maturity groups were based on time to flowering data 
obtained under short-day environments in Puerto Rico. The populations 
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within maturity groups had drastic differences In maturity and heat 
units to flowering when evaluated In Iowa. Apart from the photoperlod-
Insensltlve population tester, the Inbred lines also Included some 
Insensitive and moderately sensitive testers. 
Three types of experiments were conducted In the growth chamber 
and In the field. The populations, testers, and testcrosses were 
evaluated for days to tassel emergence under systematically decreasing 
photoperlods beginning with an 18-hr photoperlod for three weeks 
followed by weekly decreases to 16 hr, 14 hr, 13 hr, 12 hr, 11 hr, etc. 
until all genotypes had flowered. The field evaluations for days to 
pollen shed and heat units to flowering Involved testcrosses only. The 
field experiment was conducted In Iowa and Puerto Rico. 
Tassel emergence In the growth chamber experiments did not occur 
until the 12-hr photoperlod. Critical daylength characterization, 
therefore, could not be done. A significant relative ranking was, 
however, performed with the earliest genotypes to have tassel emergence 
Indicating those genotypes that were not sensitive to long photoperlods. 
The relative ranking from earliest to latest were as follows: CM105, 
Oh43, Z. Chico, B1.4A, NDTC-146, Calngang, A654HT, Costeno, Lenha, 
Negrito, and NDTC-159. A654HT, a Corn Belt inbred, showed unusual late­
ness. The later maturing populations showed more sensitivity except for 
Costeno which showed relatively less sensitivity. The testcross growth 
chamber experiment showed a general trend with populations crossed with 
less sensitive tester, based on the populations and testers growth 
chamber evaluation, resulting in less sensitivity. Populations within 
74 
maturity groups performed alike except for A654HT crosses in the early 
group and CM105 crosses In the average group. 
Field evaluations combined over environments Indicated significant 
mean squares for crosses, populations, and environments by crosses, 
populations, and testers for both days to pollen shed and heat units to 
flowering, and also testers for the latter. The populations x testers 
Interaction was not found to be significant for both traits. This means 
that populations reacted the same with all testers, this despite 
differences in relative photoperiod sensitivity ranking. This may be in 
agreement to Spencer's (1974) observation that photoperiod insensitive 
cultivars may flower early or late. The intermediate effect of 
sensitive by insensitive cultivars was observed in the general trend, 
where testers resulted in relatively the same maturity ranking in each 
population. Testers had managed to reduce the time to flowering to a 
level which would allow the evaluation for the potential of the popula­
tion under Corn Belt conditions. Lack of significant populations x 
testers interaction indicates the same genes controlling photoperiod in 
the genotypes. Spencer (1974) and Russell and Stuber (1983b; 1985) cited 
quantitative inheritance for photoperiod sensitivity while Francis et al. 
(1969) reported simple inheritance. Simple inheritance seems to favor 
the fact that the same genes are controlling photoperiod. This study was 
not designed to determine inheritance, but intermediate responses in the 
F2 of sensitive and insensitive populations and testers are prevalent in 
all but a few cases indicating a few number of genes expressing no 
dominance. Several researchers recommended either an introgression 
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program Involving backcrossing of sensitive and insensitive cultlvars 
or selections per se in the sensitive cultivar. Russell and Stuber 
(1985) concluded that ultimate adaptation to daylength in the target 
environment will only be attained by selecting in that environment or 
in an environment with an equal daylength. The sorghum conversion 
program is a good example. 
The information from this study could not characterize critical 
daylengths of tropical populations and inbred lines. However, relative 
critical daylengths were obtained which were able to give an indication 
of how the populations and inbreds fared among each other. From least 
photoperiod sensitive to most sensitive, the following was obtained: 
CM105, Oh43, Z. Chico, B14A, NDTC-146, Caingang, Â654HT, Costeno, lenha, 
Negrito, and NDTC-159. Two testers, CM105 and A654HT, reduced time to 
flowering the most when crossed to the populations so that the test-
crosses could be evaluated in the Corn Belt. Other testers also reduced 
time to flowering quite substantially. A tropical population x tester 
interaction was only found in individual locations in Iowa, 1987 and 
Puerto Rico. It was not significant in Iowa, 1988 and in the combined 
analysis. This implies that the same genes are controlling photoperiod 
that is operating in the various populations. 
The results definitely show that crossing a tropical population with 
a less sensitive tester will bring the cross to a level where evaluation 
for agronomic characteristics can take place. The inbred line A654HT, 
however, which was not found to be relatively less sensitive also 
managed to reduce the time to flowering in the populations. It may not 
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always be possible to predict which tester will be useful in reducing 
time to flowering of tropical populations. The photoperiod sensitivity 
of Â654HT was unknown prior to this study and, therefore, comparisons 
of the results could not be done. A repeat of the evaluation to 
determine photoperiod sensitivity of the inbred lines may be able to 
confirm or counteract the results. Other researchers have proposed 
some sort of crossing in order to adapt tropical populations to the 
temperate regions (Eberhart, 1971; Hanson and Johnson, 1981; Bridges, 
1984; Bridges and Gardner, 1987). This seems to be a useful method of 
evaluating this type of unadapted material. 
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Table Al. Daily maximum and minimum (°C) during the five-month period, 
April to August, at Ames, Iowa, 1987 
April May June July August 
Date Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. 
1 5.6 1.7 32.5 6.2 29.7 15.7 26.9 12.9 35.8 22.4 
2 3.9 -5.6 31.9 12.3 29.1 15.1 30.8 14.0 35.8 23.0 
3 7.3 -6.2 19.0 9.5 23.5 10.1 29.7 16.2 34.2 21.8 
4 12.3 -3.4 19.6 7.3 25.8 9.5 29.7 15.1 26.3 15.7 
5 16.8 -0.6 19.6 6.2 29.1 13.4 28.6 17.4 26.9 12.9 
6 19.0 0.6 26.9 7.8 31.4 14.6 31.9 17.9 30.2 15.7 
7 22.4 3.4 26.9 8.4 32.5 19.0 32.5 17.4 30.2 17.4 
8 24.1 5.0 28.0 8.4 32.5 23.0 27.4 18.5 25.8 18.5 
9 25.2 4.5 30.8 13.4 30.8 16.2 28.0 17.9 28.0 14.6 
10 24.1 5.0 32.5 16.2 23.0 13.4 28.0 19.0 29.7 16.8 
11 17.4 0.6 31.4 18.5 28.6 15.7 30.8 22.4 29.7 16.2 
12 20.2 1.7 28.0 7.3 34.2 16.8 29.7 17.4 28.0 17.4 
13 18.5 7.8 30.8 8.4 36.4 16.8 24.1 12.9 25.8 19.0 
14 16.6 7.3 30.2 17.9 36.4 20.7 24.6 11.8 29.1 20.7 
15 11.2 7.8 26.3 9.5 37.0 19.0 26.3 11.2 31.4 19.6 
16 23.0 3.4 30.2 9.0 33.0 16.8 30.2 15.7 31.4 19.0 
17 27.4 6.7 32.5 12.3 33.0 20.2 30.2 21.3 29.1 16.8 
18 26.3 9.5 30.8 16.8 33.0 19.6 29.7 20.7 26.9 15.1 
19 30.2 13.4 28.6 14.0 31.4 19.6 31.9 20.2 24.6 12.3 
20 29.7 14.0 28.6 17.4 28.6 19.6 32.5 24.1 25.2 12.3 
21 23.0 5.6 26.3 16.2 29.1 17.9 31.9 20.2 33.0 18.5 
22 7.8 4.5 16.8 5,6 31.9 19.0 30.2 19.0 32.5 15.1 
23 20.7 4.5 20.7 7.8 31.9 19.0 31.4 19.6 20.7 9.5 
24 21.3 6.7 20.7 9.5 30.8 17.4 33.6 21.8 21.3 10.1 
25 28.0 7.3 23.0 10.1 29.7 16.2 33.6 18.5 16.8 10.6 
26 29.7 9.5 24.6 15.7 26.9 11.2 34.1 21.3 16.8 12.3 
27 29.7 13.4 25.8 16.2 26.9 9.5 34.1 21.8 20.7 14.0 
28 26.9 5.0 26.3 16.8 29.7 13.4 34.1 20.7 20.7 11.2 
29 30.2 15.7 25.8 16.8 28.6 17.4 34.7 21.3 28.6 9.5 
30 28.0 6.2 27.4 14.6 26.9 13.4 35.3 23.0 28.0 14.6 
31 — — 27.4 14.6 — — 35.3 20.7 21.3 9.5 
X 20.7 5.2 26.8 12.0 30.4 15.8 30.7 18.4 27.2 15.5 
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Table A2. Accumulated growing degree days (GDD) ® for the period. May 
1 to August 31, at Ames, Iowa, 1987 
Date May June July August 
1 19 324 707 1145 
2 30 336 719 1162 
3 35 343 732 1178 
4 40 351 744 1189 
5 45 362 757 1199 
6 54 375 771 1212 
7 63 390 8^5 1226 
8 72 407 798 1238 
9 84 421 811 1249 
10 97 429 825 1262 
11 111 441 842 1275 
12 120 455 856 1288 
13 130 469 864 1300 
14 144 485 872 1315 
15 152 500 881 1330 
16 162 514 894 1345 
17 • 173 529 910 1358 
18 187 544 925 1369 
19 198 559 940 1377 
20 211 573 957 1386 
21 222 587 972 1400 
22 226 602 987 1413 
23 232 617 1002 1419 
24 238 631 1018 1425 
25 245 644 1032 1429 
26 255 653 1048 1434 
27 266 662 1064 1441 
28 278 674 1080 1447 
29 289 687 1096 1457 
30 300 697 1113 1458 
31 311 1129 1474 
G^DD = [(daily maximum temperature + daily minimum temperature)/2]-
10°C, 30°C considered the maximum and 10°C the minimum temperature. 
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Table A3. Dally maximum and minimum (°C) during the four-month period, 
May to August, at Ames, Iowa, 1988 
Date 
May June July August 
Max. Mln. Max. Mln. Max. Mln. Max. Mln. 
1 26.3 6.7 31.9 16.8 25.8 9.5 34.2 19.6 
2 25.8 11.8 30.2 16.8 28.0 13.4 30.3 23.0 
3 25.2 10.1 28.6 16.8 29.7 12.3 35.8 22.4 
4 23.5 5.6 26.9 12.3 33.6 14.0 35.3 21.8 
5 28.0 11.2 28.6 10.6 35.3 16.8 29.7 16.8 
6 28.0 9.0 30.8 11.8 35.3 18.5 32.5 12.9 
7 29.7 17.4 32.5 12.9 34.2 21.3 36.4 16.2 
8 28.0 12.3 32.5 18.5 33.0 18.5 35.8 22.4 
9 19.0 13,4 30.8 9.0 32.5 19.6 30.8 19.6 
10 25.2 7.8 25.8 10.1 29.7 19.0 33.0 16.8 
11 28.0 11.2 28.6 10.1 29.1 16.2 35.8 20.7 
12 29.7 11.8 31.4 14.6 30.8 16.8 35.3 20.7 
13 29.7 7.8 33.6 15.1 36.4 20.2 33.0 21.8 
14 .34.2 11.8 33.6 17.4 35.3 23.5 38.6 18.5 
15 33.6 11.2 32.5 15.7 36.4 22.4 38.6 20.2 
16 26.9 7,8 29.7 13.4 33.0 20.7 38.6 23.5 
17 24.1 3.9 28.6 14.6 31.9 19.6 39.2 21.8 
18 26.9 11.2 31.9 15.7 30.2 19.0 ' 38. i 21.3 
19 28.0 12.9 35.8 20.2 29.7 17.9 27.4 19.6 
20 30.2 14.0 36.4 19.6 26.9 15.7 29.7 17.4 
21 30.2 12.3 38.1 24.1 26.3 11.8 31.9 17.4 
22 26.3 16.2 37.0 23.0 28.6 15.1 30.2 19.0 
23 25.2 16.2 34.2 16.2 29.7 16.2 28.6 14.6 
24 25.8 12.9 37.5 20.2 29.7 17.9 28.6 14.6 
25 25.2 8.4 37.0 23.5 29.1 15.1 28.6 14.6 
26 29.7 10.6 31.9 14.0 29.7 14.6 • 26.3 10.6 
27 29.1 15.1 28.0 12.3 31.9 15.1 24.1 15.1 
28 32.5 15.7 37.0 12.3 32.5 16.2 23.0 7.8 
29 31.4 15.1 36.4 16.8 32.5 19.0 24.6 7.3 
30 31.4 16.8 25.8 15.1 35.3 20.2 28.6 9.5 
31 31.9 15.1 — — 37.5 20.7 28,6 11.8 
X 28.0 11.7 32.1 15.7 31.6 17.3 32.0 17,4 
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Table A4. Accumulated growing degree days (GDD)^  for the period, May 1 
to August 31, Ames, Iowa, 1988 
Date May June July August 
1 8 303 678 1104 
2 9 317 689 1121 
3 8 330 700 1137 
4 7 340 712 1153 
5 17 350 726 1166 
6 26 361 740 1178 
7 40 373 756 1191 
8 50 387 770 1207 
9 56 397 785 1222 
10 64 405 799 1236 
11 74 414 812 1252 
12 85 427 826 1268 
13 95 440 841 1284 
14 106 454 858 1298 
15 117 467 874 1313 
16 126 479 890 1330 
17 133 491 905 1346 
18 142 504 920 1362 
19 152 519 934 1376 
20 164 534 945 1390 
21 175 551 954 1404 
22 186 568 966 1419 
23 197 581 979 1431 
24 206 596 993 1443 
25 214 613 1005 1455 
26 224 625 1017 1463 
27 236 635 1030 1473 
28 249 646 1043 1480 
29 262 660 1058 1488 
30 276 670 1073 1498 
31 289 — — — 1089 1508 
®GDD = [(daily maximum temperature + daily minimum temperature)/2]-
10°C, 30°C considered the maximum and 10°C the minimum temperature. 
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Table A5. Dally maximum and minimum (°C) during the three-month period, 
December to February, at Isabela, Puerto Rico, 1987-88 
December January February 
Date Max. Mln. Max. Mln. Max. Mln. 
1 30.2 22.4 27.4 21.8 27.4 19.6 
2 30.2 22.4 26.9 20.7 25.2 20.7 
3 29.7 23.5 27.4 20.2 25.2 19.6 
4 28.6 24.6 28.0 20.7 26.3 19.6 
5 29.7 22.4 28.0 20.2 26.9 19.0 
6 29.7 22.4 27.4 19.0 27.4 17.4 
7 29.7 20.7 26.9 19.0 27.4 18.5 
8 29.7 20.2 28.0 19.6 26.9 17.9 
9 29.7 20.2 29.7 19.0 27.4 19.0 
10 29.1 19.6 29.7 19.0 30.8 19.6 
11 29.1 23.5 27.4 19.0 28.6 18.5 
12 29.1 20.2 27.4 18.5 26.9 20.7 
13 29.7 19.0 28.6 18.5 28.0 19.0 
14 - 29.7 20.2 28.0 20.7 29.1 19.0 
15 30.2 19.6 26.9 17.9 28.6 19.0 
16 29.7 24.1 28.6 19.6 28.6 19.0 
17 29.7 22.4 26.9 16.2 27.4 20.2 
18 28.6 22.4 26.9 17.4 28.0 21.8 
19 29.7 22.4 25.8 16.2 28.0 20.7 
20 29.7 21.3 26.3 20.2 29.1 19.6 
21 29.7 21.3 26.9 18.5 28.6 20.7 
22 29.7 21.3 26.9 17,9 28,6 20.7 
23 29.7 22.4 26.9 17.4 28.6 19.0 
24 29.7 21.3 26. 3 17.9 27.4 19.6 
25 29.1 ' 20.1 28.0 17.9 27.4 20.2 
26 30.2 21,3 28.0 20.7 29.1 20,2 
27 30.8 21.3 28.0 19.6 26.9 17.9 
28 30.8 23.5 28.6 18.5 26.3 19.6 
29 25.8 22.4 27.4 19.6 — 
30 26.9 23.5 26.9 19.6 — — — 
31 29.1 22.4 28.0 20.2 — 
X 29.5 21.7 27.6 19.1 27.7 19.5 
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Table A6. Accumulated growing degree days (GDD)* for December 1 to 
February 28 at Isabela, Puerto Rico, 1987-88 
Date December January February 
1 16 329 740 
2 16 343 753 
3 17 357 765 
4 17 371 778 
5 16 385 791 
6 16 398 803 
7 15 411 816 
8 15 425 828 
9 15 439 841 
10 14 453 856 
11 16 466 870 
12 15 479 884 
13 30 493 898 
14 45 507 912 
15 60 519 926 
16 77 533 940 
17 - 93 545 954 
18 109 557 969 
19 125 568 984 
20 141 581 999 
21 157 594 1014 
22 173 606 1029 
23 189 618 1043 
24 205 630 1057 
25 220 643 1071 
26 236 657 1086 
27 252 671 1099 
28 269 685 1112 
29 283 699 — —  
30 298 712 — —  
31 314 726 
G^DD = [(Dally maximum temperature + daily minimum temperature)/2]-
10°C, 30°C considered the maximum and 10°C the minimum temperature. 
